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A process for producing methanol is described in which 
steam reformed in a reforming zone, and during the 
reforming stage, of a cyclic steam reformer having a 
reforming stage and a regeneration stage, the steam 
reforming being conducted under conditions effective to produce a 



first effluent stream containing synthesis gas (i.e., a 

H2-C0 mixture) . Fuel and an oxygen- containing gas are combusted in the 
regeneration stage of the reformer so as to reheat the reforming zone to 
temperature sufficient for the reforming stage and generate a flue gas. 
least part of the first effluent stream is contacted with a methanol 
synthesis catalyst under conditions effective to convert synthesis 
gas to methanol and form a methanol -containing stream and a tail gas 
stream comprising unreacted carbon monoxide and hydrogen. At least part 
of the tail gas stream is recycled as fuel for the regeneration stage of 
the cyclic steam reformer. Process flow diagrams are 
presented. 
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AB The invention provides a method for generating high pressure hydrogen at 
improved thermal efficiencies. First a synthesis gas 
stream at a first pressure is produced in a pressure 
swing reformer. Next the synthesis 

gas stream is subjected to a high temperature water gas shift process to 
produce a hydrogen enriched stream from which high pressure hydrogen is 
obtained. Specific embodiments of the invention involve: regenerating the 
reformer at a pressure lower than the synthesis gas 
generation; operating the synthesis gas generation 

step at conditions sufficient to provide a syn gas stream at a temperature in 
the range used in the water gas shift reaction; and using pressure swing 
adsorption to sep. the hydrogen. 
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AB A method is described for producing liquid hydrocarbons by first generating 
in a pressure- swing reformer a 

synthesis gas stream having a mole ratio of H2-CO 

greater than 2:1. Then, a portion of the hydrogen is separated to produce a 
synthesis gas stream having a mole ratio of H2-CO of 

about 2:1 which steam is then introduced into a hydrocarbon synthesis 
reactor for conversion to liquid products. Process flow diagrams are 
presented. 
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AB A method for generating high pressure hydrogen at improved thermal 
efficiencies is described. First a synthesis gas 
stream at a first pressure is produced in a pressure 
swing reformer. Next the synthesis 



gas stream is subjected to a high temperature water gas shift process to 
produce a hydrogen enriched stream from which high pressure hydrogen is 
obtained. Specific embodiments of the invention involve: regenerating the 
reformer at a pressure lower than the synthesis gas 
generation; operating the synthesis gas generation 

step at conditions sufficient to provide a syngas stream at a temperature in 

the 

range used in the water gas shift reaction; and using pressure swing 
adsorption to sep. the hydrogen. 
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AB Hydrogen for the use as fuel in fuel cells is produced by steam 

reforming a hydrocarbon -containing feed in a 1st zone of a reactor 
containing a bed packing material and a reforming catalyst, passing at least a 
portion of the product through a 2nd zone of the reactor containing bed 
packing material to transfer heat to the packing material, removing the 
hydrogen-rich product from the 2nd zone, introducing an oxygen-containing gas 
into the 2nd zone and combusting the gas and a fuel in a region proximate 
to an interface between the 1st and the 2nd zone to produce heat which is 
transferred to the 1st zone of the reactor. The catalyst can contain 
noble metals, group VIII metal components, Ag, Ce, Cu, La, Mo, Mg, Sn, Ti, 
Y, or Zn. The bed packing material can be magnesium aluminum silicates, 
aluminum silicate clays, mullite, alumina, silica-alumina, or zirconia. 
Pressure swing reforming may be integrated 

with shift reactions, preferential oxidation, and membrane separation, 
achieving 

thermal and material efficiencies relative to conventional hydrogen production 
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AB Hydrogen is produced by introducing a feed stream containing a hydrocarbon and 
steam through a 1st end of a 1st zone containing bed packing materials and a 
steam reforming catalyst to produce a syngas stream 

containing H2, CO, steam, and C02, passing the produced syngas stream to a 2nd 
zone containing bed packing materials thereby transferring heat from the 
product to the packing materials, removing the product syngas from the 2nd 
zone and passing it to a water gas shift reactor to convert CO with steam 
to C02 and H2 , introducing the obtained H2-enriched stream to a pressure 
swing adsorption apparatus to sep. H2 from a byproduct stream, introducing an 
oxygen -containing gas into the 2nd end of the 2nd zone, and contacting it with 
fuel to reheat the 1st zone with the heat of combustion and creating a 
flue gas which exits through the 1st end of the 1st zone. The packing 
material of the 1st and 2nd zones can be aluminum magnesium silicates, 
clays, silica-alumina, or zirconia. 
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AB Liquid hydrocarbons are produced by (a) generating a synthesis 
gas stream having a mole ratio of H2:CO >2 : 1 in a pressure 
swing reformer with a 1st zone containing bed packing 

materials, (b) passing a portion of the product to a 2nd zone containing bed 

packing materials to transfer heat from the product to the packing 

material, (c) removing the product stream from the 2nd zone, (d) 

introducing an oxygen- containing gas into a 2nd end of the 2nd zone to combust 

a fuel thereby reheating the 1st zone to reforming temperature and creating a 

flue gas which exits the 1st end of the 1st zone, (e) separating a portion of 

hydrogen from the product recovered in (c) to produce a synthesis 

gas stream having a H2:C0 ratio of about 2:1, (f) using separated H2 

as fuel in step (d) , and (g) introducing the synthesis 

gas of step (e) into a hydrocarbon synthesis reactor. 
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AB Synthesis gas is produced by a cyclic reforming and 

re-heating process including reforming a hydrocarbon feed over a catalyst 
to synthesis gas in a 1st zone of a bed and the 2nd 

step reheats this 1st zone. A hydrocarbon feed is introduced to a bed 
along with C02 and optionally steam where it is reformed into 
synthesis gas- The synthesis gas is 

collected at a 2nd zone of the bed and an oxygen -containing gas is then 
introduced to this 2nd zone of the bed and combusted with a fuel, thereby 
reheating the 1st zone to sufficient reforming temps. Addnl . , a 
noncombusting gas can also be introduced to the 2nd zone to move heat from 
the 2nd zone to the 1st zone. The reforming catalyst can contain noble 
metals, group VIII metals, Ag, Ce, Cu, La, Mo, Mg, Sn, Ti, Y, and Zn. The 
packing materials of the 1st and 2nd zones can consist of magnesium 
aluminum silicates, aluminum silicate clays, mullite, alumina, 
silica-alumina, or zirconia. 
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AB Pressure Swing Reforming (PSR) is a new 

process for the production of hydrogen from hydrocarbon fuels. It was first 
demonstrated in our labs, using methane as the fuel. We have now extended 
the operation to a variety of gasoline-range hydrocarbons having sulfur 
contents up to 320 ppm. PSR uses a cyclic reverse-flow reactor to 
generate high-pressure (e.g. 1000 kPa) undiluted synthesis gas (CO+H2) at 
high temperature (up to about 12 00 °C) over a reforming catalyst but keeps 
the inlet and outlet gases at a relatively low temperature (less than 
400°C) . In the forward direction, steam and fuel are introduced 
for reforming for a period of about 3 s to 3 min. The process flow is 
then reversed and waste fuel is burned on the catalyst to supply the heat 



of reaction for the next reforming cycle. This minimizes the need for 
external heat exchange, making the process highly compact, and ideally 
suited to small systems incorporating a fuel cell. 
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A hydrogen-rich fuel gas, suitable for use in fuel cells, is manufactured by 
reforming of hydrocarbon or ale. fuels by: (1) passing the reformed fuel 
gas through a pressure- swing adsorption mechanism to remove combustible 
impurities and obtain the hydrogen-rich gas, and (2) combusting the 
impurities as a heat source, in which the amount of combustion air to the 
combustion chamber is controlled by measuring the changes in released heat 
energy from the impurities . An electronic control unit is installed to 
control the amount of combustion air to the furnace for combustion of the 
impurities recovered from the pressure- swing adsorption unit. 



